Occupational fatigue in anaesthetists is recognised as a patient safety risk. Better understanding of the issues surrounding their fatigue is needed. This study aimed to ascertain the sources and effects of occupational fatigue amongst anaesthetists in Australia and New Zealand. An anonymous online survey was sent to 979 anaesthetists. The response rate was 38.0%. Most participants reported regularly working over 40 hours per week; men reported five more hours per week than women. Stated contributors to fatigue included long work hours, mental strain at work, and personal and family demands. Fatigue-related behaviour was reported more by men (OR [odds ratio]=2.6) and less by respondents reporting eight or more hours of sleep before work (OR=0.6). Reporting at least one instance of less than five hours off between shifts was predictive of falling asleep while administering an anaesthetic (OR=1.6). More data are required to support practices and policies that promote more time off between work periods and increased time for sleep to reduce risk of fatigue.
1
. Major contributors to occupational fatigue include shift length and sleep deprivation 2 (themselves often intertwined), physical loads, sustained mental load, interpersonal dynamics 3 and work environment factors, such as noise, vibration and temperature 4 . Many industries (e.g. seafaring 5 , mining 6 , public safety, nuclear power, military, and transportation 7, 8 ) have taken steps to reduce occupational fatigue in order to improve occupational health and avoid industrial accidents. The healthcare industry has undertaken some measures to reduce fatigue; for instance, Dutch nurses over the age of 57 years are not required to take nightshifts 9 . Maximum shift lengths and mandatory rest periods for doctors and nurses have been instituted in several countries including the Netherlands, Scandinavian countries, the United States of America (USA) and the United Kingdom (UK) 7, 10 . Such policies have not as yet been widely introduced in Australia or New Zealand.
Amongst medical practitioners, anaesthetists require a high degree of sustained mental focus, which both causes fatigue and is undermined by it. Yet, "fatigue in anaesthesiologists is accepted as norm or mostly ignored" 11 . Most international research on fatigue in anaesthetists has focused on its prevalence and impact on job performance and patient safety. In a 2003 US study of anaesthesiologists on simulators, fatigued anaesthesiologists experienced somnolent events, such as head nodding and actual sleep, for over 30% of a four-hour case 12 . These events compromise patient safety. Two other US studies found that more than 50% of anaesthetists admitted to committing an error in medical judgement attributed to fatigue 13, 14 . In an Australian Incident Monitoring Study conducted from 1987 to 1997, fatigue was a contributing factor in 152 out of 5,600 anaesthesia incident reports (2.7%) 15 . In New Zealand, 86% of surveyed anaesthetists reported a fatigue-related error 16 . A recent survey of anaesthesia trainees in the UK 17 found that 84% of respondents reported feeling too tired to drive home after a nightshift and 57% had experienced a motor vehicle accident or near miss while doing so, adding a personal dimension to the safety implications of fatigue for anaesthetists.
Literature on sources of fatigue and how anaesthetists manage their fatigue is limited. Studies in the USA noted long hours without breaks 14 and operating room noise to be significant contributing factors 18 . A recent study in Australia identified nightshift work and related sleep deprivation as major factors 19 . Our study aimed to expand understanding of the current issues surrounding occupational fatigue as reported by anaesthetists in Australia and New Zealand,
Materials and methods
An anonymous online survey was developed and sent to Fellows of the Australian and New Zealand College of Anaesthetists (ANZCA). To select questions for inclusion, a review of the literature on fatigue in anaesthetists was conducted to identify potential sources and effects of occupational fatigue. The survey was piloted on four practising anaesthetists, and their suggestions were incorporated into the questionnaire. Further review of the survey was conducted by the ANZCA Trials Group coordinator and their survey reviewer. Most questions pertained to experience within the prior year, while a few events that were expected to be rare (e.g. reporting a colleague for fatigue) were phrased as 'ever'. SurveyMonkey (www.surveymonkey. com) was used to deliver the survey and collect data.
ANZCA emailed a link to the online survey to 1,000 of its 4,852 active Fellows practising in Australia and New Zealand. Twenty-one had invalid email addresses or had not practised in the previous year, so there were ultimately 979 recipients. A reminder was sent two weeks after the initial email. The survey closed 28 days after the first correspondence. Survey questions are attached as Appendix A.
Data analysis
Data were imported into Microsoft Excel 2010, and then into STATA 13MP-64 (StataCorp, College Station, TX, USA). Mann-Whitney U tests were used to compare the medians pertaining to work scheduling and hours of sleep stratified by gender.
The following contributors to fatigue, as reported in a Likert scale, were considered present if reported 'sometimes' or 'often' (as opposed to 'never' or 'rarely'): long work hours, mental strain at work, physical strain at work, social strain at work, commuting, young children at home, personal/family demands, poor health, sleep apnoea, social life, alcohol consumption outside of work, and age. Multivariable logistic regression analysis was performed to explore the effect of male versus female sex and age group (in ten-year intervals) on the likelihood of reporting each of these contributors to fatigue.
Univariable and multivariable logistic regression analysis was performed to explore predictors of fatigue-related behaviour: falling asleep while administering an anaesthetic, continuing to work beyond when thought safe to do so, and making fatigue-attributed medical errors (with or without harm to patients). Included variables were age group, sex, work sector, years since training, average hours of sleep, total hours worked, maximum continuous hours, minimum time off between periods of work, frequency of having less than five hours off between work shifts, and minimum time off between work and being on call. Predictors with P <0.2 in univariable analysis were retained for multivariable regression. For analysis purposes, ordinal categories of frequency of outcome events were collapsed into binary categories of zero times versus one or more times; the same was done for the predictor variable frequency of having less than five hours off between work shifts. Age was categorised into ten-year groups. Years since training was categorised as <5, 5-10, 11-15, 16-20 , and >20 years. Average hours of sleep was collapsed into 5-7 hours versus 8-10 hours. Total hours worked and maximum continuous hours were collapsed into ten-hour intervals. Hours off between shifts was collapsed into four-hour intervals. Hours between work and next call was collapsed into zero hours versus one or more hours.
Free-text question responses were reviewed and grouped into common themes, of which the most common responses are reported.
Ethical considerations
The study was approved by the University of Wollongong Human Research Ethics Committee (GSM14/058) and reviewed by the ANZCA Clinical Trials Network. There were several ethical considerations in conducting this study; the survey could have identified instances in which patient safety was compromised, a medical error was made, or an infraction of the law occurred. However, due to the anonymity of participants, disciplinary action could not be brought against any individuals, and patients subjected to harm could not be identified. 
Results
The overall response rate was 38% (n=372). Not all participants responded to all questions. Table 1 shows the demographics of study participants.
The number of responses was an adequate sample size from the pool of ANZCA Fellows according to Cochran's sample size formula for categorical data and correction for small populations 20 . The sex and age distribution of the participants (Table 1) was not statistically significantly different (data not shown) from the population of ANZCA's Fellows (K. Goulding, personal communication). Table 2 summarises responses to questions relating to the participants' reported work hours and schedules over the past year. A minority of respondents (5.8%) reported less than five hours off more than 20 times in the last year. There were no statistically significant differences in reported work hours or scheduling variables across age groups (data not shown). No respondents reported sleeping less than five hours on average before work.
Men reported working an average of five more hours per week than women (45 versus 40 hours, P <0.0000). Men also reported working a longer maximum number of hours continuously, 18 versus 16 hours (P=0.0256). The medians were the same for both sexes for the reported minimum hours between periods of work (six hours) and the reported usual amount of sleep before work (seven hours).
Contributors to fatigue reported by participants are shown in Table 3 . Most respondents (90.9%) cited long work hours, 75.3% reported mental strain at work and 50% indicated personal and family demands. Using logistic regression, female sex was associated with reporting physical strain at work as a source of fatigue (OR [odds ratio]=1.8; 95% CI [confidence intervals, 1.0 to 3.1). Older anaesthetists were significantly less likely than their 31-40-year-old colleagues to report personal/family demands and young children at home (OR range 0.07-0.42) as sources of fatigue, while they were more likely to report age as a factor (OR range 4.9-16.5).
Methods used to reduce fatigue are highlighted in Figure 1 . Coffee was the most reported stimulant, with 78.2% reporting having used it once or more and 36% using it daily or more frequently. Only one respondent reported using a prescription stimulant and none reported using recreational drugs.
Over 54% reported fatigue-related behaviour (e.g. eyes closing, head nodding) while administering an anaesthetic (Table 4) . Over half (56.6%) reported that they continued to work when fatigued beyond when they thought it safe to do so at least once in the past year. Respondents also reported that they believed their fatigue resulted in errors in medical judgement; 44% attributed at least one error to fatigue. A few respondents reported each of these occurrences at least 50 times in the past year. Ten survey respondents (3.2%) reported that their error resulted in harm to a patient, including one case of brain damage. Reported coping strategies (Table 5) included modifying work hours to catch up on sleep (57%), not coming to work when too fatigued (44%), and scheduling mornings off (53%). Additional personal strategies reported in free text included taking power naps during shifts (n=18), meditating/doing yoga (n=13) and exercising (n=8). Other general suggestions for reducing fatigue or related risk of patient harm reported in free text included reducing hours or improving rostering (n=32), providing/taking time off (or out of theatre) after call (n=31) and greater (self) awareness of fatigue (n=17).
In terms of workplace support (Table 6) , respondents reported relieving colleagues who were fatigued (54%), most frequently when asked by the colleague or a supervisor, or when witnessing a colleague exhibiting fatigue-related behaviour, falling asleep or making an error in judgement. At the same time, most respondents (67%) had not themselves asked a colleague to relieve them, most commonly because they were reluctant to add to others' work burdens, or because there was inadequate roster coverage.
With regard to reporting of fatigue, the vast majority (87%) of respondents were aware that the ANZCA Code ) stated that anaesthetists must not practise when compromised by fatigue (except in emergencies). Nearly all (96%) respondents stated that they had not reported a colleague for working while fatigued, most commonly due to concerns about damaging their career or their professional or personal relationship.
On logistic regression, fatigue-related behaviour was more likely to be reported by men (OR 2.6; 95% CI 1.4 to 4.7) ( Table 7) and less likely to be reported after eight or more hours of sleep (OR 0.55; 95% CI 0.32 to 0.95) ( Table  8 ). Reporting at least one occurrence of less than five hours of sleep between work shifts was associated with reports of falling asleep while administering an anaesthetic (OR 1.6; 95% CI 1.1 to 2.2) ( Table 8 ). None of the variables was associated with report of continuing to work beyond when safe to do so, making an error in medical judgement due to fatigue, or making an error due to fatigue that resulted in harm to a patient (data not shown). fatigue and potential decline in performance. In our study, 72% reported working more than 16 hours continuously at least once in the past year. In the USA and New Zealand, only 50% of anaesthetists reported working at least one shift exceeding 14 or 16 hours, respectively, during the six months prior to the survey 14, 16 . The European Working Time Directive specifies a minimum break of 11 hours between shifts 30 , which was achieved by only 11% of our respondents. In our survey, those who reported sleeping less than eight hours before work, which was the majority, were about twice as likely to report exhibiting fatigue-related behaviour. The Association of Anaesthetists of Great Britain and Ireland recognises that "long shifts result in fatigue, loss of sleep and performance decrement" 31 . Likewise, in a study of the effects of sleep deprivation on US anaesthetists, mood and cognitive functions were significantly impacted 32 .
Regulatory policies, such as the directive mentioned above, could be considered by health managers and governing bodies as a means to reduce risk of fatigue. In Britain, a shift length maximum of 13 hours has been set 33 . In New Zealand, work hours for junior doctors (but not specialists) have been limited to 72 hours per week, with a maximum shift length of 16 hours, since 1985 34 . In studies in the USA, the introduction of duty hour limits resulted in more sleep, fewer attentional failures on duty, and fewer serious medical errors 35, 36 . In addition to regulations, some authors have suggested that self-directed working-time control may also be a useful mechanism for reducing fatigue 37 . Several respondents commented on the importance of self-awareness of fatigue; however, insight is one of the first faculties to be lost when fatigued 38 . Providing doctors with breaks during shifts and suitable rest facilities are additional safeguards. The most commonly reported additional personal strategy for combating fatigue was power napping at work, yet the UK survey found that 34% of respondents reported inadequate rest facilities, and 53% reported getting 30 minutes of uninterrupted sleep during a nightshift less than half of the time 17 .
Contracts for junior doctors in England now outline a mechanism for

Discussion
This study investigated self-reported occurrence and effects of fatigue, but unlike previous studies, also investigated broader issues such as work hours, scheduling dynamics, sources of fatigue, coping strategies, workplace support and incident reporting.
There were several notable findings. The first was that the median of the reported average hours worked per week was 44. Although this is fewer hours than reported in other countries (e.g. a mean of 51.2 hours in New Zealand 16 and 63.7 hours in the USA 23 ), the number of hours still exceeds the Australian National Employment Standards of 38 hours 24 . Just over half of the respondents (53%) reported working more than 40 hours in an average week. This is a marked improvement compared to rates of 79.7% and 79.6% in a 1992 to 1993 Health Labour Force survey and a 1995 ANZCA survey, respectively 25 , and compared to 74% in a 2013 survey of mental health and welfare of Australian anaesthetists 26 , but again it exceeds the national standards. British anaesthetists are limited by the Royal College of Anaesthetists to a weekly average of 48 hours taken over a 17-week period 27 (still much higher than the 38 hours recommended by the Australian National Employment Standards). In a British study of junior doctors, participants working a 48-hour week made fewer total medical errors and fewer intercepted potential adverse events than those participants working a 56-hour week 28 . Despite no such limitations by ANZCA (K. Goulding, personal communications) or the Australian Medical Association 29 , the average of 44 hours in this survey is a more moderate figure. A second key finding was that poor scheduling, either due to poor institutional management or poor choices on the part of the practitioner, resulted in periods of work, time between periods of work, or time for sleep that could be considered inappropriate by other industries' standards. These scheduling issues further put anaesthetists at risk of reporting when available resources for combating fatigue do not meet demands 39 , which may facilitate the acquisition of additional resources.
The most commonly reported sources of fatigue were long work hours, mental strain at work, and personal and family demands. The first two could potentially be lessened through reduced working hours and more breaks. The third could theoretically be reduced through mindfulness of the effects of external stressors on work performance and attention to mitigation. Anaesthetists of different sex and age status reported different sources of fatigue. Occupational health policies aimed specifically at different groups may be most effective. These could include assistance with physical work for women, decreasing demands in older workers (as with the Dutch nurses) and increased schedule flexibility for those with young families.
Coffee was the most common (78%) substance reported for overcoming fatigue, at rates similar to the UK study (88%) 17 . Prescription stimulant and recreational drug use reports were minimal in our survey. A high prevalence of drug use amongst anaesthetists has been previously reported 40 ; such behaviour is probably less likely to be proclaimed in a self-report survey originating from a regulatory body such as this one, in spite of anonymity. Alternatively, perhaps this difference reflects drug use specifically in the context of combating fatigue, versus broader (e.g. recreational) reasons.
Fatigue-related behaviour was widespread in clinical practice, as previously seen on simulators 12 . Ten respondents stated that their errors had resulted in harm to a patient, including permanent neurological injury. In a New Zealand study, 36% of respondents reported errors in the last six months that they attributed to fatigue and 86% had ever made such an error 16 . In a US study, 61% reported making an error they attributed to fatigue 14 . If working while knowingly fatigued leads to patient harm, such behaviour needs further attention. The finding that males were more likely to report fatigue-related behaviour warrants further research.
The majority of respondents were willing to take personal corrective actions when they perceived themselves to be fatigued, or to relieve one another when witnessing fatigue-related behaviours or when asked to do so. On the other hand, respondents were reluctant to ask others for support, largely in order to avoid further burdening already overworked colleagues. This reluctance could potentially be mitigated by decompressing work schedules and by promoting a workplace culture of help-seeking. While relevant Codes of Conduct 22, 41, 42 do not explicitly require reporting fatigued colleagues, treating fatigue as a 'matter between colleagues' will lead not only to an underappreciation of the overall burden of fatigue in the industry, but may fail to identify individuals whose repetitive fatiguerelated behaviour may put patients at risk for harm.
There are several limitations to this study. ANZCA set the sample size to 1,000, to limit survey burnout; this limited the power to detect rare events, such as harm to patients. Survey respondents were volunteers, possibly making responses subject to bias, insofar as anaesthetists who had experienced fatigue may have been more or less likely to take interest in the survey. As a retrospective and self-reported survey spanning a long recall period, study responses were inherently subject to attribution error, counterfactual thinking, and reporting and recall biases. Social desirability bias may have also influenced responses, as fatigue, compared to other causes, may be considered a socially acceptable reason for error. Despite the survey having been piloted, several questions may have omitted logical variables or been written poorly. Use of a psychometrically validated fatigue instrument, such as the Fatigue Assessment Scale, may have improved the validity of our study 43 . As this study was cross sectional, the strength of association between predictors and outcomes cannot ensure causality.
Conclusions and recommendations
This survey explored the occurrence and effects of, and response to, occupational fatigue, and identified potential risks to patient safety. Our results highlight the need to obtain more data to support institutional, governing body or industry policies to promote occupational safety. 29 . In the last year, how many times has a co-worker roused you from fatigue-related behaviour (e.g. eyes closing, head nodding) or sleep while administering an anaesthetic? Never, once, 2-10 times, 11-50 times, >50 times 30. In the last year, how many times has a co-worker told you that you appeared too fatigued to work? Never, once, 2-10 times, 11-50 times, >50 times 31. In the last year, how many times have you stopped working due to fatigue at a co-worker's suggestion? Never, once, 2-5 times, 5-10 times, >10 times 32. In the last year, how many times has a colleague relieved you of your duties because you appeared too fatigued to work? Never, once, 2-5 times, 5-10 times, >10 times 
